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Abstract
A group of volcanoes to the northeast of Aksayqin 1.ake, western Kunlun, China, are
identified from dual-band, multi-polarization SIR-C/X-SAR image, and mostof them
are discovered by the authors with the SAR data. This paper discusses the methods
and mechanisms of detecting volcanoes using I., Cbands and | 111, 1 1V, VV
polarization imaging radar, and gives the spatia distributions of volcanoes elevated
more than 5300m above the sea level, eruptive phases and aualytical results of rock

components.

1. Introduction
The characteristics of transmiting microwave pulses from the sideways of synthetic
aperture. radar (SAR) can accentuate topographical features, while tbc sensitivity of
SAR to the surface roughness cnables it to give markedly details about the surface.
‘J'hese advantages of SAR make it very effect ive to recognize volcanic apparatus. The
studics on volcanoes have been conducted successfully using images of shuttle
imaging radar and other spaceborne SAR (Gaddis et al., 1989, 1990; Mouginis-Mark,
1995; Rowland et a., 1994). Airborne SAR aso plays an important role in the studies
on volcanoes (1.ewis and Guo, 1991; l.iuet a., 1992). The discovery of volcanoes on

Venus was only made by using SAR techniques (Ilcad et al., 1992). At present, the

successful flown of SIR-C/X-SAR and its simultaneously imaging characteristics of



multi-band, ™M i-polarizat ion of SIR-C/X- SAR provide new techniques for studying

Volcanoes.

On17 April 1994, the shuttle "Endeavor” cquipped with SIR-C/X-SAR system was
flown gver China and for the first time obtained multi-band, multi-polarization SAR
data for Kunlun area (1 ‘arr, 1993). During image processing and analysis for SAR
data, a group of volcanoes were identificd. The authors, thercafter, conducted field

work in the study area and proved further for the existence of these volcanoes.

2. Geology o f the Study Area
The study area is situated in the northwest of Qinghai-Tibet plateau of China,
northeast of Aksayqin I.ake in Kunlun Mountain, anti about 60 km to the cast of
Xinjiang-Tibet road (1 ¢g. 1). This isahigh relief anti aridto semi-arid arca where
elevation is about 5000 - 6000 m above thescalevel. The climate is cold. Modern
glaciers are welldeveloped, and moraine deposits of palaco-glaciers arc widcely
distributed. Vegetation is rare. Rock outcrops arc very wc]]. Alluvial fans flanking the
mountain front arc widely developed. Tectonically, the study area lies in the eastern
part on the southern side of Kangxiwa fault (also called Karakashi Valley fault).
Tarim basin is to the north and Tibetan-Ind ian plate to the south. 1 .ithologies in the
study area ranged from old to young ages arc mainly composed of 1.ower Palacozoic
meso-metamo rphic complex, Palacozoic marine sedimentary rocks, Mesozoic and
Cenozoic sedimentary rocks of” continental- occanic phase, together with intermediate

to acidic igneous rocks of Calcdonian, Variscan, Indosinian- Yanshan epoches.

Fig.1).ocation map of the study arca.




Geologica study in this area isata rather poor level due to lacking, of oxygen inthe
high relief Mountain, and poor working environment. ‘The studics of volcanoes in this
arcaarc few. According to the literatures as far as we know, the earliest published
paper reporting the existence of volcanoes inthe area was from Zhang et al. (1987),
which simply introduced that there is a shicld volcanic crater clevated several hundred
meters above the surface and gave an airphoto to illustrate the shape of the crater. In
the Qinghai-Tibet Platcau Al(as published by the Geography Institute, Chincse
Academy of Sciences (1 990) inferred the existence of volcanoes. In the papers
published by Decng (1 989, 1 991, 1993, 1995)and Arnaud et al. (1992) about
Cenozoic volcanoes of Qinghai-Tibet platcau only reported some rock geochemical
data. The Geological Memoirs of Regional Cicology of Xinjiang Uygur Autonomous
Region published by the Burcau of Geology and Mincral Resources of Xinjiang (1993)
said there arc four craters inthe region, which is up to now the best description for

the volcanoes in the area

3. Anaysis of Multi-frequency and M ulti-polarization SIR-C Data
3.1Data Acquisition
SIR- (*/X - SAR was operated in mode. 11 for the study area, i .¢., imaging under the
combinationsof 1.-1111, 1.-1 1V, [:-1111 and C-V V. The imaging parameters arc given
in ‘1I’able 1. In the mecanwhile, the ERS-1 SAR data with C band and VV polarization

mode also have been acquire.d.

Table 1. SIR-( /X - SA R Imaging Technical Parameters for the Study Area

3.2 SIR-C data for the discovery of volcanoes
After image processing for the obtained SIR-C data with 1., C bands and 1111, HV,

polarization, false colour images were produced by multi-band, multi-polarization



combinations (1 ‘g .2), whichieflect the appearances of volcanocs. Inparticularly, the

combination of’ 1,-1111, 1 .-1 1V andC-11V images canexplicitly delincate the outlines of
the whole voleadllic area. Accor ding to the composite image of nwlti-band, multi-
polarization, idcnti fications can be made for different shapes and types of volcanic
craters and caldcras, A ‘a and pahochoe lave flows, lava escarpments, and the

boundary of lavaflows and sui rounding strata (1 ‘ig.3).

Fig.2 False colour composite images of multi-band, mulit-polarization SIR-C data
a) Composite image of 1,-1111 (R), 1-11V(G)and C-11V (B)

b) Compositecimage ot 1.-1H1(R), 1.-11V (G) and C-1111 (B)

both can give the whole volcanic appearances, but (a) shows better effect.

1 ‘ig.3 Geological imcrp}zlal ion map for SIR-C image. No. 5-9 arc caldcras
discovered inthis study . 1) craters and numbers, 2) A ‘alava, 3) pahochoe lava,
4) Triassic strata. 5) Quanternary Sediments

Nine different c.raters and calderasappear in different shapes and tones on the SIR-C
image. The No. 1,2, 3, 4 craters among them, which reflect positive landform,
appear very brightt and very obvious, and canbe discovered casily in the field,
therefore, they were mentioned in the literatures (Zhang et al., 1 987; Burcau of
Geology and Mincral R csous ces of Xinjiang Uypur Autonomous Region, 1993). The
No. 1 crater is the largestonc inthis region with area of 2.14 Km? and inoval shield
shape, the centre coprdinate of which is longitude 80°1 1 * and latitude 35°30'. The No.
2, 3 craters arcless than 1 Kni?  in area and in cone shapes. The No. 4 crater is also
in cone shape, butits area is justless than the No. 1 crater (1 .932 Km®). The No. 5,
6,7, 8 and 9 arc caldcras which arc in circular radiating shape, and do not have large
difference in clevation with the surfaces around. As they are surrounded by the huge

lava flows and covered by the surface materials, (hey cannotbe easily distinguished




in the ficld. These calderas are discovered inth is study using S1 R-C imagery. Because
of the corner reflector effect caused by theradar beams illuminating the cliff by the
side-looking radar, they appear in ring shape or half-ring shape on the image. The
areas for the original cone craters are less dian 1 Km? , butit increase (0 3-4 Km’
after their collapses. The main components of the crater rocks are amygdaloidal

pyroxenc andesite.

Twotypcs of lava flows (A ‘alava and pahochoc lava) have different radar response
onthe SIR-(: colour composite images. A* a lava flows are mainly distributed around
craters No. 5, 6, 7, 8, and ther brightness e relatively darker than that of craters
No. 1,2,3 and 4. The surrounding sutfaces of calderas mainly consist of angular
rocks piled one onthe other without any order. The largest one can reach above 1 m.
Vesicular and almond-structures arc well developedin the rocks. 1.ithologies for the
rocks arc mainly amygdaloidal basalt and trachybasalt. The area for A ‘alavaflows is
22..636 Km’, which is derived from digiti~.ii):>, the boundary of this type lava flow
from the screen using PCI software and then input into ARC/INYO for the arcal

calculation.

Pahochoe lava is mainly distributed on the southern side of craters. It extends in near
N-S dircction about 23 km in length, and 10 12 Km in width and about 107 m in
depth. The statistical area is 59.470 Kmi?.1toccurs near horizontally inafan shape,
and unconformably overlay Triassic strata. ‘I'he surface is relatively flat and covered
by Quaternary sediments, showing a Jclative datk tone onthe S1 R-Cimage.

Iithologics for the rocks are dorgalite and pyroxenc basalt.

The escarpments of lava flows were produced when flowing pahochoc lava on the
surface were affected by topographical fcaturces. They arc in bright lines and can be

recognized easily when facing to the illumination of radar antenna. These escarpments




dclincate the shape of lava flows very well wnid therefore can distinguish lava flows

fromstrata clearly on the image.

3.3. 1 iffect of single band, single polarization SAR for detecting volcanoes

Radar image reflects the scattering characteristics of ground materials. The brightness
of radar image depends on the variations of the intensity of radar’s backscattering.
The radar scattering coefficient o " quantitatively represents the intensity of encrgy of
the return pulse, which is determined by two types of factors: one is radar system
parameters, i.e. waveclength, polarization and look angle; another is the object
parameters including, the surface roughness and complex dielectric constant of the
surfacc materials. Using multi-band, mulu polarization SIR-C image can detect
volcanic landformin different occurrences, but radar images with different band and
different polarization can have different detecung abilities to the products of different

volcanism (Iig. 4).

Yig. 4 Single~Jan(li single polarization SIR-Cimages. @) 11111, b) 1-11V, ¢) C-HH, d)
C-IIV. 111V SIR-C image give good result than the othersin recognizing
volcanic lava flows.

Volcanic apparatus is shown much clearly onl. bandimage than thaton C band
image, which has the same implication for the identification of lava flows and the
contact boundary bcetween lava flows and the surrounding strata. 1. band has along
wavclength and certain penetration ability 1o diy sands and other surface materials
(Sabins, 1986; Blom ¢t al., 1984). Thercfore, J, band image appears more clearly
than C band for the surface covered by thinlayer of sand over pahochoce lava as well
as the contact zone bet ween Java and strata. 1. band image also shows cratersand A* a
Java more clear than C band image. The mcasui ement of complex dielectric constant

(1 ‘g.5) indicates that the complex dielectric constants of volcanic rocks are not related
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to alarge extent to the frequency of’ electiomae netic wave. The variation of complex

dielectric constant varies mainly from 3-1 (- 1 Yito 8+ i, indicating the influence of
radar return by complex dielectric constantislitic, The different volcanic landforms
reflected on different bands of radar imagce arc mainly due to the effect of surface

roughness .

Iig. 5 Complex dielectric constant for volcanic rocks under different frequency, the
upper part represents the real quantity and lower part denotes imaginary
quantity.

Fig. 6. Radar response curves of craters and lava flows denoted by averaging DN
value. Among the curve, patterns for A* a lava flow and pahochoce flow arc

resemble each other, while the curves for craters and lava flows arc different
from each other.

The nature of the surface objects have influcnces on polarization. Polarization is
produced by the variation of the vector o1 clectronic field through prop agation,
reflection, scattering and diffraction. Therefor ¢, strong depolar ization often occurs on
thcrough surface. Although the radar returntor lava flows on 11V image is not as
strong as that on 1111 image (I'ig.0), the effecton 11V image is, however, better than
that on HHimage since lava flow is a strongdepolarizedbody. or the like-polali~,cd
images, VV polarization is very sensitive than | 11 1 polarization to the rough surfaces,
therefore, the 1 (RS-limage of C band, VV polarization (J4g.7) is very clear for lava
flows than that shown on ~-1111 image of SIR-C data.However, the illumination
direction of ERS-1is from castto the west, andthe incidence angle is relatively small
(230), the resultant image contains a 101 of layover and foreshortening, and therefore,
has large distortion. A ‘a lava flows andcaldcias arc not easily seen on the 1RS-]

image.




Fig. 7 ERS- 1 SAR image with C-band VV polarization. The ClI’atCl’s and pahochoe

lavas can be seen, but A* alavas and calder as cannotbedistinguished from the image.

A comparative analysis (Table 2) for radaiunages of different band and different
polarization suggests that 1. band 11V polarization reflects most explicitly the
topography and landforms of the whole volcanocs as well as the landforms of the
surrounding areas. Although 1,-1111 image canalso reflect some features1evealed by
1 -11Vimage,itisnot as clear as thaton | , 1 IV image. The C band images arc
obviously not as good as 1. band images concerning their effects on reflecting
gcological information. 'The boundarics between A ‘a lava and pahochoc lava arc not
easily identified, so do the calderas. While the ERS-1 C-VV image likely can not
reflect the composition of the whole volealiv apparatus. The C-11V image can only
give us roughly the whole appearance of the volcanocs. 1’ herefore, there arc some
limitations for single band, single polarization radar images in identifying and
detecting volcanoes. The solution is to usc multi-band, multi-polarization radar data to
compensate the shortcomings of cach otherso as to achieve the goal of recognizing

and detecting volcanoes.

‘1I’able 2. The response of different bandsanddift erent polarization radar to volcanic
landforms

4. Results on geological study

The group of volcanocs to the northeast of Aksayqin Lake, western Kunlun Mountain,
belongs to continental central eruption. ‘1 he cruptive centre 1S located on the
| Yahongliutan fault. The volcanic apparatusis controlled by NW fault. The SIR-C

image shows nine craters of shield shapes, cone shapes and radiating ring-like




calderas, Ogether with lava flows distributed 11 om northern high relief to the southern
low relief. The volcanic rocks are mostly indark grey and brick red colors. Vesicular
and amygdaloidal structures arc well developed  Rocks around the craters and to the
north of it contain dense and large vesicular openings, while the vesicular openings
arc getting smaller towards the south and d istributed spavsely. According to the
analysis based on the profiles across the lavutiow suggests that there were at least
two phases of cruptions: onc is dorgalite pyroxence basalt, and the other is trachybasalt
to tracyte in rock compositions. Grits and si | tstoncs were deposited during the gaps
of two eruptive periods. The K-Ar isotope dati ng for the samples collected from lava
flows suggests the age of 7.45 to 3.97 Ma.i.c., from Miocene epoch to Pliocenc
epoch. The ages of samples from the lava {low arc getting young {from the south to
the north, indicating that there arc cvidence rormultiple eruptions, and the closer (o
the craters, the younger of the eruption is. Altlioughradar data cannot give directl y
the cvidence of the ages of the lava flow, the stud y by Gaddisct a. (1 989) suggests
that the brightness variations of radar image can directly provide information about
the ages of lava flows, i .C., the most brightlayaflows onradar image have younger
age and formed at the last stage, while with thcincrease of’ the age, the brightness on
the image is getting darker. Therefore, the stud v of volcanoes from the image accords

with the result of isotope dating.

Studics on the petrography and chemical composition analysis for the volcanic
samples collected in the ficld suggest that the crystallization of volcanic rocks is at a
low level, and there ar ¢ minor amount of pyroxencand olivine crystals which have
been subjected to iddingsite alteration; matrix arc in hyalopilitic texture. Chemically,
potassium content is very high, K,Oiscommonly higher than 4%o, and K,0 > Na,O.
The Rb, Sr, Ba, Nb, ‘Js and other minor tracc clements and light1 arc earth clements
are cnriched,and basically donot show 1 fuanomal y. The rocks belong to shoshonitic

series. ‘T'he shoshonit ic rocks hav e special d istribution pattet n in the orogenic




evolutionof the plate tectonics, and are mainly related to the intracontin iental

subduction zone (Jackes and White, 1971), The shoshonitic rocks in Kunlun Mountain
arc associated with the ncotectonism of Qinghii- T'ibet Plateau since Cenozoic era, The
volcanic eruption maybe caused by the rapid ascending magma produced by the

subduction of Tarim plate southerly plunginginto the crust underncath he Qinghai-

Tibet Plateau ' Deng, 1989, 1993).

5. Conclusion
A group of volcanoes consist of nine craters w cre identified from the western Kunlun
Mountain of China by analyzing SIR-C data, and five of nine volcanocs arc
discovered inthis study. Meanwhile, the arcas of A’a lava and pahochoc lava are
calculated as 22.636Km?> ant] 59.470Km?cspectively from screen digitizing the
outlincs of two t ypcs of lava flows using PCl.oitware and then input into ARC/INFO
to get the precise distribution dimensions of t}1clavas. The volcanoes, clevated from
5300m to 5800m above the sca level, arc onc of the highest volcanocs in the world,
There were at least two eruptive phases of the volcanoes. Isotope dating suggests the
ages of volcanocs ar ¢ 7.45-3.97 Ma. The voicanic rocks belong to shoshonitic series,
‘The volcanism is related to the intracontinerial subduction produced by thel Tarim
plate plunging into the crust underneath the i nghai-Tibet plateau, which rc.presents
the ncotectonisin of Qinghai-Tibet platcau since Cenozoic era. It has an important

significance to the study of ncotectonismin Qinighai-Tibet plateau.

‘The volcanic apparatus is discovered by using dual-band, multi-polarization SIR-C
data, indicating, that multi-band, multi-polatization imaging radar can reveal much
moic geological information. As far as singlcband, single polarization SAR data arc
concerned, 1. JIV has much better detection effect than (;-111], C-IV and C-VV
images. Thc authors, therefore, suggestihat above effects arc caused by the

depolarizationand surface roughness of the lavi 1'lows.
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1 .ist of Figures

Fig. I'l.ocation map of the study am.

Fig. 2 Ialse colour composite inages of multi-band, mulit-polariziion SIR-C data
a) Composite image of 1.-1111 (R), 1.-HV (G) and C-HV ()

b) Composite image of 1,-J11 1 (R), 1,-1 1V (G) and C-11 11 (B)
both can give the whole volcanic appearances, but (a) shows better effect.

Fig. 3 Geological interpretation map for SIR-C image. No. 5-9 arc calderas
discovered in thisstudy. 1) craters and numbers, 2) A’a lava, 3) pahochoc lava,
4) Triassic strata, 5) Quanternary Sediments

Fig. 4 Single-band, single polarization SIR-C images. @) 1.-11H, 0 L-11V, ¢) C-1111, d)
C-1TV.1-HV SIR-C image give good result than the others in recognizing
volcanic lava flows.

Fig. 5 Complex dielectric constant for volcanic rocks under different frequency, the
upper part represents the real quantity and lower part denotes imaginary
quantity,

Iig. 6 Radar response curves ~)I”c.raters and lava flows denoted by averaging DN
value. Among the curve.  patterns for A'a lava flow and pahochoc flow arc
resemble each other, while the curves for craters and lava flows are different
f1 om each other.

Fig. 7 ERS-1 SAR image with C-band VV polarization. "The craters and pahochoc
lavas can be seen, but A'alavas and calderas cannot be distinguished from the
image.

Listofrl’ables

“I'able 1.SIR-C/X-SAR Imaging Technical Parameters for the Study Area
Table 2. The response of different bands and different polarization radar to volcanic
landfor 111s
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Fig.1 Location map of the study area.



Fig.2 False colour composite inages of multi- band, mulit-polarization SIR-C data
a) Composite image of - (R), 111V (G) and C-11V (B)

b) Composite imaoc of 1111 (R), 1, 1V (G) and C-T111 (B)

both can give the whole volcanic appearances, but (a) shows betier effect.
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Fig. 5 Complex dielectric constant for volcanic rocks under differ en frequency, the
upper partrepresents the real quantity and lower part denotes imaginary
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Fig. 6. Radar response curves of craters and lava’ flows denoted by averaging DN
value. Among the curve, patterns for A’a lava flow and pahochoc flow are

resemble each other, while the curves for craters and lava flows are different
from each other.
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Fig. 7 ERS-1SAR image with C-band VV polarization. The craters and pahochoe
lavas can be seen, but A’a lavas and calderas can not be distinguished from
the image.




Table 1. SLR-C/X-SAR imaging Technical Parameters for the Stud y Area

Parameters 1994 1.(23.5)

Jtems | Imaging | Platc  [Wavelengthi|Polaniization| Incidencd Swath [Resolution! [Pixell size
time Altitude (cm) modc angle width (m) (m)
Technical |17, Apr.,| 215km | C(5.9) | HH, HV | 47.53° | 50 30x30 12.5
x12.5

Table 2. The response of different bands and different polarization radar to volcanic

land forms

Well p reserved Calderas | A’alava Pahochoc lava Fscarpment
crers
R B S R S IV T R
1-nv N | A - v
C-HH B - i + W n 4
c-1v “T g 4 N I 4
IRS | sAR 1 -1 “T 4

vV - dean be well discerned, + - Canbe discerned, - -Can not be discerned




